Biogeochemially reactive inorganic mercury (RHg) is an important fraction of Hg. Researchers have attempted to measure RHg when characterizing Hg-impacted sites, conducting research and development of remediation practices, or evaluating remediation efficiency. In these uses, RHg will be the best choice for analysis in ways that total methyl, and other species of Hg cannot duplicate. The fraction has been inadequately measured using the Sn 2+ reduction method and operationally defined as "Sn 2+ reducible Hg 2+ ", but the resulting data did not reflect well the nature of the fraction and caused researchers to lose interest, thus limiting the use of RHg in past years. In this work, the problems of using the Sn 2+ reduction method were discovered to be generating irreproducible and negatively biased results. Negative bias from 20% to 99% was found in different types of waters. To obtain reliable results, an ethylation-based GC-CVAFS method was used to determine RHg. The performance of the method was evaluated by comparing it to the Sn 2+ reduction method. Biogeochemically meaningful results have been obtained in the application of the method to determine RHg in mercury mine-impacted waters from the Idrijca River in Slovenia.
Introduction
Methyl mercury (MeHg) is an important species due to its persistence, bioaccumulation and biomagnification, and because of its toxicity to man and ecosystems [1] [2] [3] [4] [5] . In past decades, MeHg and the methylation/demethylation process have drawn significant attention from scientists worldwide. Because of its high solubility, mobility, bioavailability, and especially methylation potential, biogeochemically reactive inorganic mercury (RHg) has been recognized to be an important fraction of Hg for the transformation, reaction, and methylation of Hg in biogeochemical cycling [6] [7] [8] [9] . For characterization and assessment of Hg impacted sites, research and development of remediation practices, and evaluation of remediation efficiency, RHg may be the best choice for analysis in ways that total methyl, and other species of Hg cannot duplicate. However, unlike MeHg, RHg measurement has not gained widespread acceptance to match its importance, even after over two decades of practice [10] . What is the challenge, and what is the solution?
In the past, in addition to "reactive Hg", RHg was also defined or described as "easily reducible Hg", "Sn 2+ reducible Hg", "acid-labile Hg", "ionic Hg", "labile inorganic Hg", and "bio-available-inorganic Hg" [10, 11] . The names related to "Sn 2+ reducible" are misleading because RHg can be analyzed by other methods such as the ethylation-based GC-CVAFS method that was the technique used in this work [12] [13] [14] . The mechanism of the method is to identify and quantify the fraction of Hg 2+ using the ethylation reaction, resulting in ethylatable Hg 2+ , a proxy for the fraction that is available for abiotic and biotic methylation in an aqueous ecosystem. Those terms related to acid leaching [10] are also misleading because with acid leaching the measured fraction is no longer the naturally-occurring RHg. In this work, RHg is defined as "Hg 2+ that readily enters into chemical L. LIANG ET AL. 624 reactions" [15] , and measured analytically in natural waters untreated with any chemicals including acidification for preservation.
Careful selection of an appropriate analytical method is the key to ensuring meaningful results. In the past, the classic Sn 2+ reduction method [16] has been virtually the only method used for determination of RHg [10, 11] , so RHg was called "Sn 2+ reducible Hg"。 There is no doubt that the classic Sn 2+ reduction method is a reliable method for determination of Hg 2+ in chemically pretreated media such as acid/alkaline digestates or BrCl/ KMnO 4 oxidates. However, problems were encountered trying to measure RHg in waters that were not chemically treated prior to Sn 2+ reduction. To gain insight into these problems, this work focused on investigating the effects of analytical conditions on results from the Sn 2+ reduction method in comparison with those obtained using an ethylation-based GC-CVAFS method. Since the methodology of the ethylation-based GC-CVAFS method has been detailed in previous publications [13, 14] , and successfully used to determine Hg 2+ in alkaline digestates of biota and blood samples [17, 18] , the advantage of using this new approach for RHg was demonstrated by the discovery of bias in the Sn 2+ reduction method for the determination of RHg in environmental waters, and examining whether the data generated was more indicative of the RHg, compared to using the Sn 2+ reduction method.
RHg-related studies conducted in past years focused on fresh waters with low levels of Hg [10] , or waters already treated for removal of Hg [11] . Since RHg is an important and useful fraction to characterize Hg-impacted sites and evaluate the results of remediation, the present work includes analyses of both fresh waters with Hg concentration < 12 ng/L (the lowest Nationwide Criterion, 40 CFR 131.36) and Hg-impacted waters including industrial waste waters. Moreover, as RHg is the fraction directly linked to methylation and bioavailability, RHg was previously measured mostly in filtered samples, and defined as dissolved RHg when estimating bioavailable Hg [11, 15] . However, methylation can take place with RHg in both filtered waters and particles, so in this work both filtered and unfiltered waters were studied.
To further examine whether the ethylation method can generate meaningful RHg results to characterize Hgimpacted waters, the method was applied to measurement of RHg in Hg mine-impacted waters from the Idrijca River in Slovenia, and results were compared with those for total mercury (THg) and methyl mercury (MeHg) to assess their biogeochemical significance.
Experimental

Sample Collection and Process
Water samples were collected in glass bottles with Teflon-lined caps. Special attention was paid to avoiding contamination according to the procedures described in EPA Method 1669 [19] . For dissolved fractions, the samples were filtered in the field immediately after sample collection using 0.45 um disposable cellulose nitrate vacuum filter units. Unpreserved samples were packed in coolers at 0˚C -4˚C and shipped overnight to the laboratory in Bothell, WA, USA. In most cases, the lab analyzed the samples within 48 hours after receipt. Sample bottles were shaken vigorously prior to sub-sampling.
Instrumentation, Standards, and Reagents
For standards and reagents, only those specifically prepared for this work are addressed here, while others not mentioned are detailed in EPA method 1631 [20] or 1630 [21] .
Instrumentation
A cold vapor atomic fluorescence spectrometry (CVAFS) analytical system utilizing a BR III Hg analyzer (Brooks Rand, Seattle, USA) was employed for determination of Sn 2+ reduced Hg 0 [20, 22] . A lab-built GC/CVAFS system with a BR III Hg analyzer was used for separation and detection of ethylation derivatives of MeHg or RHg [14, 21] . An AB15 pH meter (Accumet) was used for pH measurement.
Standards
A 1000 ug/mL Hg 2+ stock standard was prepared by dissolving 0.1353 g HgCl 2 (Sigma-Aldrich) into 100 mL of 5% HNO 3 . A working standard of 10 ng/mL Hg 2+ in 0.2% HNO 3 was prepared from the stock solution by dilution.
Buffer
A 0.5 M citrate buffer was prepared by dissolving 270 g of reagent grade citric acid (C 6 H 8 O 7 ·H 2 O) and 370 g of reagent grade sodium citrate (C 6 H 5 Na 3 O 7 ·2H 2 O) into DDW to make a 2.5-L solution.
Analytical Procedures
In what follows, RHg determined by the ethylation method is designated "EtRHg", while that determined by Sn 2+ reduction is designated "SnRHg".
Determination of EtRHg
Appropriate aliquots up to 40 mL of unpreserved sample were placed into bubblers, depending on the RHg concentration, and distilled, deionized water (DDW) was added to bring the total volume to 50 mL. 1 mL of 0.5 M citrate buffer was added, followed by 0.05 mL of freshly thawed 1% NaBEt4 solution [21] . The bubblers were immediately capped and shaken. The bubblers sat at room temperature for 20 min as the ethylation reaction proceeded. Then the samples were purged with N 2 at 200 mL/min for 20 min. The ethylation derivatives purged from the bubblers were collected onto Tenax traps, and finally analyzed by GC/CVAFS [14, 21] . The 10 ng/mL Hg 2+ working standard was used for calibration. The method detection limit (MDL) is 0.05 ng/L.
Determination of SnRHg
Appropriate aliquots up to 100 mL of unpreserved sample were placed into bubblers, depending on the RHg concentration. DDW was added to bring the total volume to 100 mL. 0.2 mL of 25% SnCl 2 (w/v) in 20% HCl was added. The samples were purged with N 2 at 300 mL/min for 20 min to remove Sn 2+ reduced Hg 0 . The purged Hg 0 was collected on gold traps and then analyzed by CVAFS [20, 22] . The MDL is 0.2 ng/L.
Determination of THg
Samples were oxidized with BrCl overnight, and excess BrCl was reduced with NH 2 OH solution prior to analysis [20, 22] . Appropriate sample aliquots depending on THg concentration were placed into bubblers, and DDW was added to adjust the volume to 100 mL. Samples were then purged and Hg 0 was quantified as described above for the SnRHg procedure. The MDL is 0.2 ng/L.
Determination of MeHg
Samples were acidified to 4% HNO 3 , then allowed to sit overnight or longer at room temperature prior to sample preparation and analysis using EPA 1630 [21] . The MDL is 0.02 ng/L.
Experiments Examining the Effects of Analytical Conditions on the Sn
2+
Reduction Method
The Effect of pH
Fourteen 500-mL bottles were prepared, each containing 400 mL DDW and 0.8 mL 25% SnCl 2 (w/v, in 20% HCl). Diluted NaOH and HCl solutions were used to adjust the pH of these samples within a range of 2 to 13. From each bottle, 3 aliquots of 100 mL each were transferred into 3 pre-cleaned bubblers. Two of the bubblers were spiked with 280 pg of Hg 2+ standard in 0.04 mL 0.2% HNO 3 solution, while the third bubbler served as a blank. Samples in the bubblers were analyzed for Sn 2+ reducible Hg by purge/trap/CVAFS. The pH of each sample was measured after purging. 
The Effect of SnCl 2 Concentration
The Effect of Purge Gas Rate and Purge Time
Municipal waste water was collected in a 4-L glass bottle. Observable particles in the water were removed by filtration using thin paper napkins. Filtration blanks showed no significant Hg concentration. Concentrations of EtRHg and THg in the sample were determined at the optimal conditions of the methods, and found to be 13.54 ± 0.62 ng/L (n = 6) and 34.7 ± 1.4 ng/L (n = 6), respectively. The sample was then analyzed for THg and SnRHg at various purge gas flow rates and purge times. The analysis was performed in duplicate under each analytical condition, and the mean value of duplicate results was calculated. Recoveries of THg at various conditions were calculated relative to the result (34.7 ng/L) determined at optimal conditions, while SnRHg recoveries were calculated relative to the optimal EtRHg result (13.54 ng/L).
The Effect of Purge Time on Recovery of
SnRHg in River Waters with Low Level Hg Twelve river water samples were collected, and each was analyzed for SnRHg using two different purge times (20 min and 40 min). These samples were visually clear (total suspended solids (TSS) < 4 mg/L), and THg concentrations ranged from 1 to 8 ng/L. Unfiltered and unpreserved waters were analyzed. EtRHg concentrations in these waters were also determined, and the results were used as benchmarks for calculating the recoveries of SnRHg for different purge times. All samples were analyzed in duplicate for both EtRHg and SnRHg, while matrix spike (MS) measurements were performed on each sample only for EtRHg analysis, to examine matrix interferences.
The Effect of Purge Time on Recoveries of
SnRHg in Hg Impacted Waters Twelve industrial waste water samples collected from a waste treatment site were used for the experiment. These samples looked clear (TSS < 5 mg/L), and THg concentrations ranged from 5 to 100 ug/L. Unpreserved and unfiltered samples were analyzed for SnRHg using two different purge times (20 min and 48 hours). These samples were also analyzed for EtRHg, and the EtRHg concentrations were used for calculating SnRHg recoveries. All samples were analyzed in duplicate for both EtRHg and SnRHg, while MS measurements were again performed only for EtRHg analyses.
The Behavior of Purging SnRHg from a Typical
Complex Matrix A Hg-impacted industrial waste water sample was used for the experiment. The sample looked dirty and contained some suspended solids. The sample was shaken vigorously prior to sub-sampling, then analyzed for THg, MeHg, and EtRHg; concentrations were 6.16 ug/L, 2.96 ng/L, and 2.97 ug/L, respectively. 3 mL of well-mixed, unpreserved, and unfiltered water was added to 50 mL DDW in a bubbler for reaction with 0.2 mL of SnCl 2 (25%, w/v, in 20% HCl). The 20 min purge/trap/measurement procedure was then repeated over and over, one time after another. After 24 cycles, with Hg 0 still coming out of the sample and no idea how many more cycles would be needed, the bubbler was purged for 4 hours for the 25 th cycle. Finally, the 26 th cycle of 20 min showed no detectable Hg 0 , suggesting that RHg and Hg 0 had been completely removed.
The Stability of RHg in Unpreserved Waters
Six unpreserved river water samples with various concentrations of RHg were collected in 1-L glass bottles and shipped to the lab overnight, on ice. The samples looked clear (TSS < 7 mg/L), suggesting the sample matrices might not be complex. The samples were allowed to warm to 20˚C after receipt, and then analyzed for EtRHg. The analyses were carried out multiple times for each sample, at 4, 24, 48, and 72 hours after sample receipt. All analyses were performed in duplicate and the mean value of duplicate results was calculated. Samples were well-mixed prior to sub-sampling.
Results and Discussion
Effect of Analytical Conditions on the
Results for Hg 2+ Using the Sn
2+ Reduction Method
The effects of pH and SnCl 2 concentration on the results of the Sn 2+ reduction method are shown in Figure 1 . It is worth noting here that the analyte is Hg 2+ rather than RHg because this experiment is designed to examine whether pH or the SnCl 2 concentration effect results during Sn 2+ reduction. Here, the reaction matrix was DDW rather than natural water, and the Hg 2+ was not naturally occurring RHg. For the effect of pH, each point is the mean of the results from two duplicate samples. The relative percent difference (RPD) between duplicate samples was <5% for 14 samples at various pH levels. The average recovery of Hg 2+ was 100.8% ± 2.7% (n = 14), indicating the results are independent of pH. For the effect of the SnCl 2 concentration, average recovery was 100.4 ± 2.23% (n = 7) with RSD = 2.2%, indicating that the SnCl 2 concentration in the range tested does not affect the results for Hg 2+ . The results shown in Figure 1 clearly indicate that the "chemically-related factors" of pH and SnCl 2 concentration do not affect the Hg 2+ results. In contrast, it was found that the "physical factors" of purge gas flow rate and purge time critically affect the results (Figure 2) .
For the effect of gas flow rate shown in Figure 2 , for THg, the recovery increased with increasing gas flow rate before reaching 100% recovery at flow rates between 260 to 370 mL/min. 370 mL/min is the highest useable flow rate without breakthrough using our gold traps (Cebam Analytical, Inc.), then recoveries decreased at higher flow rates; for SnRHg, the recovery also increased with increasing gas flow rate, but the highest recovery was found to be only around 40%, and lower values were recorded with further increases in flow rate, again due to breakthrough. This indicated that for SnRHg analysis with a purge time of 20 min at the highest flow rate allowed, only 40% of the SnRHg in this sample was recovered; i.e., the result was negatively biased by 60%. Because there is no range of flow rates at which a plateau in the recovery data is established, it would be difficult to obtain reproducible results for replicate analyses. This explains why previous results using the Sn 2+ reduction method were found to be irreproducible and imprecise.
For the effect of purge time (Figure 2) , 100% recovery of SnRHg can be obtained only when the sample is purged for long enough and insufficient purge time leads to lower results for SnRHg. This raises the question of why 20 min was enough to purge the Sn 2+ -reduced Hg 0 for analysis of THg (reaching 100% recovery), but a longer time was required for analysis of SnRHg using the same technique. The only difference in the analytical procedures between THg and SnRHg is that for THg, Sn 2+ reduction was carried out in samples which had been oxidized (or digested) with oxidants such as BrCl [20] , KMnO 4 , H 2 SO 4 , HNO 3 (used by many EPA THg methods), or others, while for SnRHg, the samples were unpreserved and untreated chemically prior to Sn 2+ reduction. It was also found that purging Sn 2+ -reduced Hg 0 from DDW required as much purge time as the oxidized/digested medium. Thus, recovering Sn 2+ -reduced Hg 0 from an unpreserved/undigested medium required a longer purge time than from an oxidized/digested medium or from DDW. The reason for this will be discussed below.
The Effect of Purge Time on Results of SnRHg Analysis of River and Industrial Waste Waters
To confirm the effect of purge time on the results of SnRHg analysis, more natural river waters with low Hg concentrations and Hg-impacted industrial waste waters with high Hg concentrations were analyzed by the Sn 2+ reduction method. Figure 3 shows the effect of purge time on SnRHg results for 12 river water samples. For these relatively clean waters, a 20-min purge recovered about 80% of the RHg, i.e. a negative bias of about 20%. For filtered natural waters, similar patterns were observed. However, for the highly contaminated industrial waste waters with complex matrices (Figure 4) , for a purge time of 20 min recovered only very small fractions (0.7% to 1.9%) of the RHg, but after purging for 48 hours, 100% recoveries were reached. This reveals how severely biased previous results may have been when the Sn 2+ reduction method was used for Hg-impacted waters. 100% recovery can only be reached when the sample is purged for a long enough time. How can we tell if the RHg is recovered completely by this method? By purging a sample for a cycle time such as 20 min, the Hg collected on the trap may be measured, and then a new trap is used for the next purge cycle. This is continued until the Hg collected on a trap is not detectable. Then the Hg loaded on all the traps is summed to yield the result for RHg in the sample. 
Purging Sn 2+ -Reduced Hg 0 from Industrial Waste Waters Having High Hg Concentrations and Complex Matrices
To get clearer insight into the purging behavior of Sn 2+ -reduced Hg 0 another experiment was conducted using an Hg-impacted industrial waste water sample ( Figure 5) . The sample was purged for 26 cycles as described above and the concentration of RHg in the sample was calculated by summing the mass of RHg recovered over all cycles; the result was found to be 2.99 ug/L.
Here, it is worth emphasizing that the concentration of RHg by Sn 2+ reduction was found to be equivalent to the EtRHg concentration in the sample, i.e., SnRHg ≈ EtRHg. This confirmed the finding in the low level Hg samples (Figure 3) , and the Hg-impacted samples (Figure 4) , as well as other samples investigated when samples were purged for long enough: The two independently-defined quantities based on two different chemical reactions, ethylation and Sn 2+ reduction, were found to represent the same fractions, RHg.
Further consideration of the results in Figure 5 show: 1) the sum of RHg purged from the 1 st to the 24 th cycle was 6707 pg, the average was 279 pg per cycle, and the RSD was 7.7%, indicating that Sn 2+ -reduced Hg 0 was purged out steadily over time; and 2) the mass of RHg purged in the 25 th cycle was 2270 pg, and, according to the average rate of the first 24 cycles, 3 hours would have been enough for the 25 th cycle. Again, the relationship SnRHg ≈ EtRHg can be established only when the sample is purged long enough to ensure the Sn 2+ -reduced Hg 0 is purged out completely. The behavior shown in Figure 5 was similarly found in purging naturally occurring Hg 0 from various Hg-impacted waste waters, and also found by Horvat [23] in measurements of Hg 0 evasion in Hg-impacted river waters. The analysis of Hg 0 requires only the purge/trap step prior to CVAFS detection; there were no chemical reactions/treatments involved. This may suggest that the long purge time required was for the isolation of Hg 0 from the sample medium, regardless of any chemical processes. Based on the nature of Hg 0 , it may be adsorbed to or- ganic/inorganic substances in the medium, and this binding makes purging the Hg 0 difficult. Conversely, the purging of Hg 0 from DDW requires less time compared to unpreserved/undigested water because Hg 0 occurs free of binding in DDW. An additional or alternative explanation for this observation is that the binding between RHg and natural organic material (NOM) makes RHg resistant to reduction by Sn 2+ [24] [25] [26] . Moreover, as mentioned above, isolating Sn 2+ -reduced Hg 0 from DDW required the same purge times as from oxidized/digested medium. Thus, Hg 0 is also present free of binding in oxidized/digested medium, suggesting that this apparent binding mechanism can be destroyed by oxidation/digestion, setting Hg 0 free in the medium. This also explains the difference in recoveries between THg and RHg in Figures 4 and 5 , where THg can be fully recovered easily by a 20 min purge, but SnRHg cannot.
In addition to the negative bias described above, there is potentially a positive bias when waters contain naturally occurring Hg 0 or dimethyl Hg. It is clear that these species may also be purged, collected, and measured together with Sn 2+ -reduced Hg 0 . This positive bias will be discussed below.
Matrix Interference in the Ethylation Method
Matrix interference with the ethylation reaction is a potential problem in the determination of MeHg in various matrices [17, 18, 21] , and the same applies to RHg. This is why distillation or other techniques were developed for the isolation of MeHg from matrices prior to ethylation [27, 28] . However, existing techniques for the isolation of MeHg cannot be applied for the isolation of RHg because the nature of this fraction will change during processing. Fortunately, matrix interference of the ethylation reaction was found to be easily eliminated by simply diluting the samples. The ratio of RHg to MeHg generally ranges from 10 to 10 n depending on the site, and the more impacted the site is, the greater the value of n. This allows diluted samples to be analyzed without matrix interference [29, 30] . The lowest RHg concentrations were found to be >0.5 ng/L, which is about 10 times the MDL, 0.05 ng/L. Matrix interference was determined by analyzing samples spiked with Hg 2+ standard. Spike recoveries ranging within 75% to 125% were considered to show no matrix interference. In the experiments on the effect of purge time on the recovery of SnRHg, a MS sample was analyzed for each sample for determination of EtRHg. MS recoveries for 12 unfiltered river samples were found to range from 83% to 107%, while recoveries of 91% to 112% were found for 12 industrial waste water samples. The industrial waste waters were analyzed after dilution by up to 1000 or more times.
Stability of RHg in Unpreserved Water Samples
The results shown in Figure 6 indicate that RHg was stable at 20˚C for at least 72 hours after sample receipt. If the sample shipping time was 24 hours, the samples would thus have been stable for 96 hours after collection. The samples used here were relatively clear, with TSS < 7 mg/L, suggesting that the sample matrices were not complex. Since the stability of RHg may depend strongly on various biogeochemical factors, its relative stability in these water samples for 96 hours does not necessarily ensure its stability in other samples. To obtain reliable results, water samples should be analyzed as soon as possible after sample collection. Freezing of samples is not recommended because adsorption of RHg on the container wall could increase with decreasing temperature. Generally, water samples for analysis of trace metals are preserved with acids such as HNO 3 and HCl to maintain the stability of the analytes for a longer time. In past years, water samples analyzed for RHg were sometimes acidified with HCl prior to analysis [31] [32] [33] [34] . However, to maintain the original state of the RHg, water samples should not be preserved. Nevertheless, waters acidified to 4% HNO 3 or HCl were also investigated in this work, and results around 30% lower than those found in unpreserved waters were observed. This result is similar to that reported by Bloom [10] . MeHg was also involved in these experiments, but in contrast to RHg, higher results for MeHg were found in acidified waters.
Application of the Ethylation Method to the
Determination of RHg in Hg-Impacted Waters from the Idrijca River, Slovenia
The Idrijca River in Slovenia drains the area of the Idrija Hg mine, now closed but formerly the world's second largest Hg mine. Five sampling locations were selected along the Idrijca River (Figure 7) , representative of different levels of Hg impact as determined by previous studies [15, [35] [36] [37] [38] [39] . The first location, above the Belca inflow, is a pristine site with very low Hg contamination, while all the downstream sampling sites are affected by the Hg mine to some extent [36] . The second site, in the town of Idrija, is where the mine drainage enters the river. and Mg 2+ [35] . Water temperatures range from about 6˚C in the winter to 18˚C in summer.
Monitoring RHg in the Idrijca River was carried out to demonstrate the advantages of the ethylation based method. In the past, Sn 2+ reduction has been the only method for measuring RHg at the site. Since the riverdrains the area of the former Hg mine, the water contains a significant amount of Hg 0 [15] . To eliminate the positive bias caused by naturally occurring Hg 0 , the samples were pre-purged prior to adding the Sn 2+ reagent. However, purging for 10 to 20 min might not be enough to completely remove naturally occurring Hg 0 from highly contaminated samples like these (THg up to 650 ng/L), and a positive bias might result. In contrast to this positive bias, negative bias might be introduced in the subsequent Sn 2+ reduction of RHg due to an insufficient purge of Sn 2+ -reduced Hg 0 . As a result, the data might be highly variable and uncertain due to both positive and negative bias effects. When the ethylation based method was used, neither positive nor negative bias effects were encountered.
To examine whether the ethylation method can generate results meaningful for the characterization of Hg speciation in this river, water samples from the five locations were collected in the summer of 2012. Filtration was performed immediately after sample collection at all sites. Both filtered and unfiltered samples were analyzed for THg, MeHg, and EtRHg. Results for RHg determined using the ethylation based method and for other Hg species measured in the same samples are shown in Figure  8 . Concentrations of the various species at the five sampling locations were compared and found to vary in ways consistent with each other in response to changes in dilution, mixing, rainfall, etc.
For all Hg species/fraction, the highest concentrations were found at the location of the Idrija Hg mine, and concentrations decreased downstream but in different patterns for the different Hg species/fraction. The THg concentration dropped quickly within a relatively short distance (about 10 km), then gradually decreased, approaching the RHg concentration. This indicates that, in addition to RHg, THg includes other Hg species such as Hg 0 , HgS, Hg 2 Cl 2 , HgSe, etc. In the river, Hg 0 evasion and the adsorption/precipitation of HgS, Hg 2 Cl 2 , and HgSe may take place, resulting in decreasing THg con- 
Conclusion
This work has identified and characterized appropriate and reliable analytical methods capable of producing accurate, precise, and meaningful results for RHg. The positive and negative biases that can arise in using the Sn 2+ reduction method for the determination of RHg have been described, and the use of the alternative ethylation GC-CVAFS method is recommended. Using the ethylation based method, it is confident that results generated are the biogeochemically reactive fractions of Hg 2+ . As any good measurements always can promote the research growing up, it is believed that the discovery of the analytical problems using the Sn 2+ reduction method for determination of RHg will draw significant attention from environmental researchers in the world. Once the problems outlined in this work are recognized and the ethylation based GC-CVAFS method is used, measurement of RHg will become widespread because it will provide the researchers with meaningful data. It is believed that a breakthrough in the research of Hg biogeochemistry is a possible outcome.
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